Three-dimensional ultrasound in the assessment of fetal limb volume by Araujo Júnior, Edward et al.
349
Three-dimensional ultrasound in the assessment of fetal limb volume
Radiol Bras 2007;40(5):349–353
Review Article
THREE-DIMENSIONAL ULTRASOUND IN THE ASSESSMENT
OF FETAL LIMB VOLUME*
Edward Araujo Júnior1, Márcio Fragoso Vieira2, Luciano Marcondes Machado Nardozza3,
Hélio Antônio Guimarães Filho4, Cláudio Rodrigues Pires5, Antonio Fernandes Moron6
The fetal limb volume reflects the nutritional status and intra-uterine growth of the fetus. The arrival of the
three-dimensional ultrasound has allowed a more accurate volumetric evaluation of irregularly shaped struc-
tures such as fetal organs. The three-dimensional multiplanar mode is the most efficient technique to evaluate
fetal limb volume as a parameter for a more accurate birth weight prediction. Currently, this method is useful
for monitoring the development of soft tissue and for early detection of fetal growth deviations. In our coun-
try, where fetal growth restriction is frequent, with poor access to a skilled neonatal assistance, the dissemi-
nation of this technique could definitely contribute to reduce the rates of perinatal morbidity and mortality.
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Ultra-som tridimensional na avaliação do volume de membros fetais.
O volume de membros fetais é conhecido marcador do estado nutricional e de crescimento intra-uterino. O
surgimento da ultra-sonografia tridimensional tem permitido avaliação volumétrica mais precisa, principal-
mente de estruturas com formas irregulares, como é o caso dos órgãos fetais. A ultra-sonografia tridimen-
sional pelo modo multiplanar surge como o método mais eficiente para a avaliação do volume de membros
fetais, tornando-se o exame mais acurado para a predição de peso ao nascimento. Atualmente, por meio desse
método, já se consegue monitorar o desenvolvimento do tecido macio, sendo capaz de diagnosticar mais
precocemente os distúrbios do crescimento intra-uterino. Em nosso meio, em que há altos índices de desvios
do crescimento fetal e ao mesmo tempo baixa assistência neonatal de qualidade, a maior difusão do método
poderia contribuir de forma decisiva para a diminuição nos índices de morbidade e mortalidade perinatais.
Unitermos: Ultra-som tridimensional; Membros fetais; Volume.
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INTRODUCTION
Fetal growth deviations are significant
causes of increase in the rates of perinatal
morbidity and mortality. Poor neonatal re-
sults may be a consequence of fetal mac-
rosomia (labor traumatism) and intrauter-
ine growth restriction (asphyxia)(1,2).
Fetal limbs volume has been associated
with the fetal growth and nutritional sta-
tus(3). Initially, the fetal thigh volume
(TVol) and arm volume (AVol) measure-
ments were indirectly performed by means
of two-dimensional ultrasound (2D US).
However, 2D US cannot provide an accu-
rate measurement of fetal limb volume. The
majority of studies on fetal limbs volume
evaluation by 2D US calculate the volume
based on a cross sectional area in only one
cutting plane that may not be the most ap-
propriate, so the calculation is subject to
error(4,5). In another study, arm and thigh
volumes were assumed as if they were cy-
lindrical(3), which obviously does not cor-
respond to the reality.
With the arrival of three-dimensional ul-
trasonography (3D US), the accuracy of
this method for volumetric evaluation of
several organs has been demonstrated(6–8).
Considering that thigh and arm volumes
are parameters that are well established as
markers for fetal growth and nutrition, sev-
eral studies have utilized these limbs vol-
ume as a predictor for birth weight, with
more reliable results than those from the
traditional formulas utilized by 2D US(9-11).
Similar results have been obtained only
from the partial limb volume, called “frac-
tional limb volume”(12).
Most recently, fetal soft tissue (subcu-
taneous and muscles) has been evaluated
with basis on the factional arm and thigh
volumes in an attempt to early detect
growth deviations in fetuses at risk of in-
trauterine growth deviations(13,14).
The first study about normality curve of
the arm volume utilizing 3D US along
pregnancy was published in 2002, while
for thigh volume it occurred in 2003, both
studies performed by a same group of in-
vestigators(15,16). In these studies, as well as
in all of the other studies about estimation
of fetal limb volume by 3D US, the multi-
planar mode was utilized for volume cal-
culation. This technique consists of defin-
ing parallel planes of an organ along an
axis, while its external delineation is per-
formed on another axis. The intervals be-
tween planes are defined by the very opera-
tor, with a different area being assigned for
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each plane. At the end of the process, the
structure volume is automatically calcu-
lated by a built-in computer(17).
Recently, fetal TVol and AVol measured
by means of 3D US have been utilized in
the prediction of intrauterine growth re-
striction (IUGR), and have shown to be
promising parameters for the diagnosis of
this disorder(18,19).
The present review is aimed at showing
the most up-to-date developments in terms
of assessment of fetal limb volume by
means of 3D US, such as normality curves
during gestation, their relevance in the pre-
diction of birth weight, and, currently, the
possibility of intrauterine monitoring of
subcutaneous and muscular tissues devel-
opment, emerging as the most efficient
method for early diagnosis of fetal growth
deviations that may really contribute for a
decrease in the perinatal morbidity and
mortality rates.
3D ULTRASOUND AND FETAL ARM
VOLUME
The first normality curve of fetal arm
volume was elaborated by Chang et al.(15).
These authors have developed a prospec-
tive and cross-sectional study with 206
healthy pregnant women between 20 and
40 gestational weeks. The technique for
AVol measurement was based on the
multiplanar method, that is to say, a 3D
scan of the arm is performed utilizing the
plane for humeral measurement as a refer-
ence. After that, the cursor is moved at 3.0
intervals on the sagittal axis, and simulta-
neously the arm is axially delineated. The
authors have observed that the fetal AVol
is highly correlated with the gestational age
(GA), and no statistically significant differ-
ence in interobserver error was found. The
authors conclude that the normality curve
of the fetal AVol assessed by 3D US may
serve as a reference for evaluating the fe-
tal growth and nutritional status.
The first attempt to establish the accu-
racy of the AVol assessed by 3D US in the
prediction of the birth weight was reported
in a study developed by Liang et al.(10).
These authors have developed a prospec-
tive study with 105 normal pregnant
women, calculating the birth weight pre-
diction on the basis of the usual 2D US
tables and the fetal AVol, with all of the
measurements performed up to 48 hours
before the infants delivery. The technique
utilized for AVol assessment was the same
previously described. The authors have
observed that the formula based on the fe-
tal AVol for birth weight prediction was
more accurate, considering the lower abso-
lute error and absolute percent error. They
conclude that the fetal arm volume assessed
by 3D US is accurate for birth weight pre-
diction, although highlighting the need for
further casuistics for an actual formula vali-
dation.
Lee et al.(12) have tried to validate the re-
liability of the fractional fetal limb volume
assessed by 3D US for birth weight predic-
tion. One hundred fetuses were prospec-
tively evaluated by 2D and 3D ultrasonog-
raphy up to four days before the infants
delivery. Fractional fetal limb volumes
were based on 50% of the humerus and
femur diaphyseal lengths calculated by the
multiplanar method through five consecu-
tive scans at the level of the transverse sec-
tion of the limb. This new model has been
compared with the Hadlock formula in 30
fetuses(20). The authors have observed that
the new prediction model was more accu-
rate than the Hadlock model, correctly pre-
dicting 20 of 30 birth weights to within 5%
of the actual weight. They have concluded
that this new method is valid for birth
weight prediction, highlighting the need for
including soft tissue evaluation in the for-
mula for birth weight prediction.
The above mentioned authors have re-
ported that the diagnosis of fetal growth
deviation should not be based on cross-
sectional studies, considering the biologi-
cal variations and different genetic growth
potentials of the fetuses. They have pro-
posed three new growth parameters for an
individual growth assessment based on the
Rossavik growth model: fractional AVol,
arm circumference and humeral diaphysis
length(21). The technique for fractional AVol
assessment is the same previously de-
scribed. The authors have observed that up
to the 28th gestational week, there is a lin-
ear growth of these three parameters, and
afterwards, an accelerate deposition of sub-
cutaneous and muscular tissues in fetuses
presenting with normal growth rates. They
conclude that the fractional fetal AVol can
detect early changes in soft tissues; there-
fore this is an important parameter for early
detection of fetal growth deviations(14).
Chang et al.(18) have evaluated the effi-
cacy of the fetal AVol measured by 3D US
for predicting IUGR. They have performed
a cross sectional study of 40 fetuses with
IUGR and 442 fetuses without IUGR. Fe-
tal limb volumes were calculated by the
multiplanar method. The 10th percentile of
the fetal AVol was utilized as the best pa-
rameter for prediction of IUGR with 97.5%
sensitivity, 92.8% specificity, 54.9% posi-
tive predictive value, 99.8% negative pre-
dictive value, and 93.1% accuracy. Besides,
the AVol has shown to be a better param-
eter for predicting IUGR than the biparietal
diameter (BPD), the occipitofrontal diam-
eter (OFD), the head circumference (HC),
the abdominal circumference (AC), the
femoral length (FL), and the estimated fe-
tal weight (EFW). They conclude that the
fetal AVol measured by 3D US can be uti-
lized for predicting fetal IUGR during the
prenatal period.
3D ULTRASOUND AND FETAL
THIGH VOLUME
Chang et al.(16) have published the first
study on normality curve of TVol. They
have developed a cross-sectional prospec-
tive study with 204 normal pregnant women
between the 20th and 40th gestational
weeks. For the TVol assessment, the multi-
planar mode was utilized, that is to say, a
3D scan of the thigh is performed utilizing
the plane for femoral measurement as a ref-
erence. After that, the cursor is moved at 3.0
intervals on the sagittal axis, and simulta-
neously the thigh is axially delineated. The
authors have observed that the fetal TVol
is highly correlated with the gestational age
(GA) and with the following fetal growth
parameters: biparietal diameter (BPD),
occipitofrontal diameter (OFD), head cir-
cumference (HC), abdominal circumfer-
ence (AC), femoral length (FL), and esti-
mated fetal weight (EFW). They conclude
that the fetal TVol is a reliable parameter
for evaluation of the fetal growth and nu-
tritional status during pregnancy.
Chang et al.(9) have compared the fetal
TVol accuracy for birth weight prediction,
with other 2D US formulas usually utilized
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for birth-weight prediction(20,22,23). The au-
thors have analyzed the TVol in 100 fetuses
48 hours before the infants delivery. The
technique utilized for TVol assessment is
the same previously described. They have
observed that the TVol is highly correlated
with the birth-weight. Error, percent error,
absolute error and absolute percent error in
TVol assessment by 3D US were lower than
those resulting from the formulas utilized
by 2D US. The authors conclude that the
fetal TVol is more accurate for birth weight
prediction when assessed by means of 3D
US than by 2D US. However, they high-
light the need for large-scale prospective
studies to validate such conclusions.
A new technique for TVol assessment
by means of 3D US has been proposed by
Song et al. for birth weight prediction(11).
This technique consists of moving the cur-
sor along the femur at three points (proxi-
mal, middle and distal diaphysis), and si-
multaneously the thigh is manually delin-
eated in the axial plane. These measure-
ments were compared with those per-
formed by means of 2D US(24,25). The au-
thors have evaluated 84 fetuses, and all the
infants were delivered within 48 hours af-
ter ultrasound examination. They have con-
cluded that the TVol assessed by this
method was more accurate than the tradi-
tional 2D formulas for birth weight predic-
tion. Also, the short data acquisition time
by this method (about two minutes) is men-
tioned as an advantage, considering that the
technique developed by Chang et al.(9) has
taken 10 to 15 minutes (Figure 1).
Lee et al.(13) have introduced the frac-
tional fetal TVol as a new parameter for in-
dividual assessment of fetal growth based
on the Rossavik growth model(21). Both the
casuistic and the method are the same pre-
viously described(14). The authors have ob-
served an accelerate deposition of subcu-
taneous and muscular tissues on the fetal
thigh after the 28th gestational week. They
conclude that the fractional fetal TVol is a
very sensitive marker for soft tissues
anomalies, and that these anomalies may
characterize an early physiological adapta-
tion that precedes the development of in-
trauterine growth restriction or macrosomia
(Figure 2).
Chang et al.(19) have evaluated the effi-
cacy of the fetal TVol measured by 3D US
for predicting IUGR. They have performed
a prospective, cross sectional study of 30
fetuses with IUGR and 282 fetuses with-
out IUGR. Volumetric measurements were
calculated by the multiplanar method. The
10th percentile of the fetal TVol was uti-
lized as the best parameter for prediction
of IUGR with 86.6% sensitivity, 91.1%
specificity, 51% positive predictive value,
98.5% negative predictive value, and
90.7% accuracy. They conclude that the
fetal TVol measured by 3D US can be uti-
Figure 1. Technique utilized by Song et al.(11) for measuring the thigh volume. A. Longitudinal plane of
the femur. Respectively, Xd, Xm and Xp correspond to the distal, middle and proximal regions of the fe-
mur. B, Pm is the plane corresponding to Xm, on the axial plane. The volume is automatically calculated
by the software after each area is delineated in the axial plane.
Figure 2. Fractional volume of fetal thigh. Multiplanar mode, orthogonal planes. The position sensors
are positioned on the ends of femoral diaphyses. Automatically, the computer identifies the middle dia-
physis and marks five equidistant points along 50% of the femoral length. At the level of each of these
points, the thigh surface is manually delineated in the axial plane (upper-right). At the end of the pro-
cess, the computer calculates the fractional limb volume.
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lized for predicting fetal IUGR during the
prenatal period.
MULTIPLANAR METHOD
For demonstrating the multiplanar
method, we have utilized the technique
developed by Chang et al.(9) for measure-
ment of fetal TVol.
The thigh image acquisition is per-
formed during fetal rest, with a Sonoace
8000Live (Medison, Seoul, Korea) with a
convex volumetric transducer for auto-
matic scan (C3-7ED)
Initially, a real time 2D scan is per-
formed for determining the standard plane
of femur measurement that will be consid-
ered as the region of interest (ROI). Then,
the 3D scan is automatically performed (at
a 60° angle, in four seconds). After that, the
multiplanar mode is obtained: sagittal
plane or A, transverse plane or B, and coro-
nal plane or C (Figure 3).
The plane A is selected, and the thigh is
rotated around the axis x to put the femo-
ral diaphysis in a horizontal position. The
thigh is moved, so the proximal epiphysis
is positioned on the coordinates origin (Fig-
ure 4). Then, the cursor is moved along the
femur diaphysis up to the proximal epiphy-
sis at 3.0 mm intervals. Simultaneously, the
B image (transverse plane) is manually
delineated as the cursor is moved, and a
new area of interest is defined. At the end
of the cursor movement, the fetal TVol is
automatically calculated by the software
(Figure 5). The TVol assessment by this
technique takes, on average, 10 minutes.
CONCLUSIONS
The arrival of the 3D US has allowed a
more accurate volumetric assessment of
several fetal organs, for an earlier and more
precise diagnosis of fetal growth and devel-
opmental deviations. On the other hand, the
fetal limb volume assessed by 3D US re-
flects the intrauterine growth and nutri-
tional status, predicting the fetal birth
weight with higher accuracy. In our coun-
try, where the incidence fetal growth re-
striction is high, with poor access to a
skilled neonatal assistance, a higher dis-
semination of this 3D method for fetal limb
volume evaluation would be of high rel-
Figure 4. Multiplanar mode. The plane A is rotated around the axis x to put the femoral diaphysis
in a horizontal position. Then, the cursor is moved up to the coordinates origin (distal epiphysis).
Figure 3. Multiplanar mode, sagittal plane (upper left), axial plane (upper right); coronal plane (lower
left) and surface reconstruction mode (lower right) of the femur measurement plane.
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evance for a better support to neonates at
risk, contributing definitely to reduce the
rates of perinatal morbidity and mortality.
However, it is important to note that high
costs and poor training make a higher dis-
semination of the method difficult to occur.
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